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£ V*8 ^31* ««« * fclte* 

51 7l# ^dH^ ^ x H1 *fl§*>£ ^ tfloM7j ^£1- 

t.!^ zflo|cH ^}^Afl:# 3*°fl #7) °fltf *fl°1°m £ 

S cfl^l 7^*m. »Wai*M. ^7) ^ ofl^ eijoioi^ nflfl 5}o|<H 

2mm 0.4mm o|^o|Ji. Dfl4^7> 10 o]>£ 20 o|e}ol nJ]4Ho|cf. 

a. ^igofl ici=^. -i-^-si i^ofls ai^oijis. ««*wi ^ 
3 ^ ^ 

5. 2 
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SJ^ <g*\¥ {Flat Plate Heat Transferrins Apparatus! 
E^Sl ?!W 

£ C^SJ i^^e £ »r^*lt* ^H1# <M*r£- 

ojol. *#*r^r 4MI*h £ ?l£*r## o|6flA|?i£. 

m-=r ^0 1 e ^8€- a^*> i£°fl ?1*J1€ Af^oflo> *V^S|o) 6fl>!45)<H 

^ o|M sit}. 

5Ll£ ^^l^oij tt^ ^ ^ Violet. 

5,2$: £ jflHUloQofl <i^^ ^<N 

!)o|c^fi} >y^] ^HoH] ^Tfl^r^ MS. S^lth 5E^o|t^ 

£6 o. u^s] ^i^AloflcHl u}^ ^ ofl<H iflo1<Hofl>H Tfl)41 SrO)<H :2*H3°i] 
^sj ojjqjo] ^ 5.^1*1 
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ill M)7] £13£ tt^S} ^AloDofl ^ ^^1^1 7|Al£#o|c*. 
**$2\ 4^] 

ofl cfl*V _S.^7f ^of^o^^ 2E*> ^t* ^7mjl 31^- o|ofl 

<^o}ji ^nfl§ ^<y*> *■ em nJolH# # 4* am. 
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-<g<3 o£ sjc^. ZZiMS ^dH^ sjjfs U#^>H c»a| # 

si<h o^^i ^efl7V sia c|xi ^.zflsj *?m7fl oi^^ ^tg no] 

3. olofl ^e} 3** *}g*_) <jo||A| ^-^IsItH ^c+. 

£l£ #313 ^ 3M(10)7r ^€(20)3} 0)^^3(30) ^o|ofl ^213 

^ ^ J\ o] j< (50) S o|^o]^lC+. a^l H #71 ^ 5Hlo]^ (50)Sj ifl^ofli, v§ofl 
^0.^0] -2* D5]?fM^^ H)^V}7] ^6fl 3^£SJ](wick structure) (60)7} $43 

#7| ^^(20)ofl^ <go. ^^(20)2} ^(10) 

« °] (60)^ a&I'd ^^(20)51 *j e^^l ^^2*11 (60) (' 

el) 71^-^*5 7|^*>C|)ofl «}Sfl^oi ol£ ignfli, 7]McH ufl«. ^ (40) # -£ofl 

3 . *1B#3(30) ^ ^^51 ^£31(60) ('^fl -g-^^-'S 7| 

*rt»°fl4 *&&*\5L ^Dfl^- ^l^^All (60) o|] * S.M] 

^o\\ oj 8fl hSnfl 7l$Pf5. Slfl^Tfl ^(20)SJ ££7 r ^D«Sl 7lS*£^ 

^S.^ CfA] 7|S**M -g"^ ^ Sl^fff^ H J^*M1 ^ofl^ 

^ XI h^S? <g£ clH#3(30)^ 3^5]o1. ^(70)^1 <H*V ^ufl-^o.^ i2] 
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#7] B**J ^(10)21 #^-# ^o]7| 5]*HMSr *23\ ^ # 

«*J£*M<>t sfji. ^ SJ^r 

<g*)ig (10)<Hl &0^-, *$U%7\ 7]S) s.^ -§-^=1 ^ 

3.^0) (20) *|H#H(30)2* ?flol>; (50)2| fi^ofloV 

«^7] i^nfloj -g-^ e S^^l «tA<H| *M)7J Sl^. 

^2J|2] ^ ^31* ^(10)ofl ^nfl^ ^ 7flo|>, (50)21 

^ a^ofl (60)2i ja.^ofl ^isioi i>m^<Hi o^oll 

=-*Vcj. ^. -§-^£ ^7} 0.=.^ - oj- o.^w ^ 3*101-^(50)21 o}* 

21 -^^-71^21 ^aHoJ) ?«}ol. a ^ §^ ^oH2l 2]91 Al?Jol 7|J}s| *3*fl2l 
A} A|7V}£E+ -tfcfl*}*.^ 1*1 E) ZjTfl 0]S\ -§-^ ^DHSl Sj^2f 7l5f 

Dfl2l A}oHl 3. A]7}^7\ iTfld}^ a ^ X)7> ^ ^^AlZj 

"H2J -S-^ol ^OfTjTfl SlU. °H1 ^ ^31* ^21 ~*> T^O> 

l4o>7f . ^ ^(10)21 vflJfi- 4J^^ #Efl<>11 

. filJfSl 7l7fl*l #^ofl ^qj*> A^ol V\?}M «qj #^(10)21 Tfli 

H fl§Alo|| 7l7fl^l 7HW3 5* ?Jlol>i(50)7> ^|a&l^ ^-617} 5U^. 
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. #3 131* <g*]^ ^oM *3°H3 *§7iiM# 

-Pr^l 7|# ^OJl^ ^ r §# ^ofl -ff^TSloj ^ 
<g3l* utmM^# atflS ^-^*f^>Hi 7|7fl^ ^tfl^l^ 

Alofl zfl^*}^ #2 Dfl<H efloioi7> 3*H3>H nfl-H zflo] 

3^*1 :!■ 5^>^. ^7| Dfl4H efloH^ S\o]o] Z\%o] o.2unn 0.4mm 

*>olj7. o|M^ 10 oJ# 20 ol^o] ^i- s^o.^ 
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^oH7f ^ SU^r §*1°U ^l^*H^. #71 Jflo|o) 
tM*# -?^fl ^ ^tfRr 

#7j *fl°l°1 ^tf*!^ #7j 3*! °ti«tf zll 0 Ht *M°fl -^Jl 

7j cfl^£« #71 ofl4H *f[o\o\a} ^*}^- 3^*11- 

cfl«>^5.^. #7l 3^*il£r #7| di]^ ^Moj^c* #cfl*l.°s ^^7} 
JL 3lo]o\ *\%o\ £U tifW l\)o]o\^ cfl^] 7f^*fcf. o|el*V 3^. #7l £ 

y]o]<>l^ 0.03mm 0.13mm 0^0] nfl^ SfoJ 5. *l^£]7ll-*. "Il 

^7} 80 ol^ 400o1*}oj nflflom. 

7|^ 3M|£ 3]*} ^olofl ^ # 

4r. MOM ^*|SjDl. #7l l^oflAi S^*t£<M §^lJl 

#7] TfloJ^ Lflifol] ^AlSlDj. £5j Di|41 ^Wo^ °H<H «|o|<H7> 2Cfl 

U J^- ?Mcr efl o| of ^^];^ a^*Mf 3# ^5) «S *m. 
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#7l £U nQ*i U|o|oi^ #7) ofl^l iflo]oi^ *J*f5E.^ 3L^\S. 

%r 2°1 u^**!*!^. ZLiUJl #*J ^ 5} £^ 4*1 £ ti °) °1 ^ 

#71 ofl^l *K<>}o\ 3^*1 ^ #^S 7\**M. 2l u 4 441 

o|o|. #;jl ofl^ £i)o]ol. ml4H iflolol. #;y ifloM 4<H 

^5.5 ^^sl<H 5U£r ^ Slct. 

#71 n]4i tflojoi *\^o\)M #-*?■£ 4 

2flol<H. #^ 441 £fl°l°1. £^ 441 4°1<H 9* ^ 441 ^-^ 

#71 nfl4l efloM ^*fsfl ^^£1 - ofl^. t\*cQM #*£. 2^ 
#21 441 eiloH. #*] 441 yjoM. 2*1 441 9J "ll-H *fl°l«H 

£.5. ^^s]oi oj^r ^i'y ^ 5tm. 

#71 4.41 iflolol ^4 ^^51 X ofl- . c>^ofl>H #^ 2% 

#S1 ^ 44! *flo|cH. #^1 ofl-M 4°l°t. ^ ml*! eflolol. #^1 nfl^ iflolo] 
2^ <>1#21 ofl4l HlololSl ^^slol ^ SUtK 

#71 7J^^ 2W)§ %#«}7l SJ*V £ ^51 £ A^ofl ^ <g*j% 

*l4r. ^€2} ^fc* *M4 #^sloi. #71 %% &*XS}*&A f^5l2 

71 1«J#*oilAl «i# ^MotJH *347> ^-g-*] ^2i# ^ 

#71 Tflol^: ^TlSlDl. £41^4 2\*Y <^# ^Dfl£l ° r s.^^^- *|] 

^^^S} £41^ofl ^# *S42l m 71 # ^nfl^l 3^3^ 
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S. 2ic|. 3^. ^71 ^oH^Sj ^ 3 = 

^sf^ ^oj um*]*m. #7| 9{\o)±2] ^J-g-g- 3]<>l;M -g-^ . #e}^o> . 

<M€-. CFC711 ^dH. HCFCTl] ^ofl. HFCTfl ^nfi o|^S] ^^^dH^ 

3*fl ^oi^ ?Rv§# ^^^Tfl ^ sm^. ^*H| ^^*> 

£ 7l#3 ^#ofl J^Stfe 2lD|fi} 7H^-°5. 6fl*i3<>1<>l°> *>^- *WM 

^^l^ofl 7|7J)^ m}<%2\ S.qo\\ £ ^4 7}^ ^ ^ 

°iHl $o|31 7|£*| A}## 51 -r cfl^Kr 3£ £ # 

Aj^joU oioi^ cfl*1# ^ Sl^ ^°<?*> ^^°fl#°l SU# 4* 5U## 
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*1 (110)2* m*M3.S* ^^(120) M°\ °il ^^S]^ ^ ?flol^(130). 3 

7| ^01^(130) vfl-^-oil Dfl$| iflo|cHS ^3^! *fl°l°1 ^tPfl 

40) # #7) ?flol>;(130) Mi^ofl^ ^€ (110)^5^^ «g# 

#7] nfl<H l||o|o) ^^JM1(140)^ ^ ^ fll°l<H (140a) . q]o|oi 
40b) 3! &m *fl°l°1(140a)l- £««H*. £1J Tfll'H *flo|o^(l40a. 

0b)£ 3*] mi4^ «]oM(uob)^ 3^ Ms cflVW- 

#7l £U Dfl'H *fl°l°l (140a)S* >8*J eflo|ot(i40b)^ £3ofl i^sl 

ol 2\o)o) (l60a)S} S}°1<>1 (160b)7f <$*}S MS 3.^ ^5.^ i3 

aU<H°J 3°1 H}^*!^. ©171A-1, S\o\o\ (I60b)^ £flo]o15i ^)^x| 2J 

"<f^°.S ^Tjo] «H^^ S|o}cH§ S}oH (160a)£- 

o1o)(i60b)§ 7l^iS ^*I H <HW)*1 tifl*js]£. ufl<H fi}o|cH^ ^ft>cf. 

#7l DJ14H 2}o|cH (160a. 160b) ^ #^ . °r^-n- i-fe- 

u j^^. ^ t^5<^ <g^l^ ^^-ol i>-^t\ 

S. ifloloi(H0a. 140b) ^ $4? ^o|cHS 2# *fl-g-SKr <3 

SI-SI ^£olM H>^S}c^. Hm^eWl. #7| ^£ ^Ej. 

-g-sj *W £^ ^o\z}, 

S.3# ^icl? . #7] *fl41 £flolcH(l40a. 140b)Sj ^ 2?7M1 «] -g- 

51 ^(a)£ ^S^lSl} ^Oj A^SICf. #7] (a) £ iflfl Z\)o\o\ 

40a. 140b)<4 7|^ ^^*>^Cll ^_S*V ^DlEl7> Sjc^. 

41-12 



^VM 1] a = (1 - Nd)/N 

- °\7\M. d£- ofl<H 2}olcH2; 33(34|:°!*|)°U. N-c- 1<>J*1°| zjojofl 

^Sj ^^^o|c4. ofl§ ^o) no] lOOOj^ l°l*|£l zJoHl 1007fl«2l Dfl4H ^7^ ^ 

#7j ^^(110)£1 ££7} ^"fl^ 7]$} ££J£C+ ^Oj ^*|(100)7> <i*f^ ^ 
tf# ^-r-. zflolcH (140a. 140b)f- SjojcHS] S\o\ o\ 

a^ofl^- §El3j°3. ^ n H7V ^7fl*H^. #7l ^^J nfl^N iflolcH (I40b)2| 

DJ14H ^74^ »! $1} ^nfl^ <>j|q|ofl o^ofl Jfl^TlT^ &*) n J. ^71 

41 *flo|oHi40 a )S] 3^ U J 3^ ^nflSj oqofofl ojofl *a^*lcK 

^71 <g*!^ (100) ^ ^^(HO)SJ £-£7f ^nflS] 7)5} £^£c* 

°-ofl ^^(110) 5.^^- Ei <g»##^ (120)^3 %^ 7flA|*^. ^2fl*jo£. 

7) ^^(HO)oll^ *!3S> 2:^ Dfl'H ifloM (140a)oD ^j^Sl^S. i 

Dfl4S £flol<H (140a)ofl>M^ ^«flSl 7|SV7j ^-^C}. #S nfl ^ iflol oj (140b) 

<M£ ^nfloj 715J7F ^-^5]7|^ ***|n>. n <g£ £U Dll4>l il]o|o| (140a) <M 

^3 7)£> <tf»££Kr ^Dfl^- °)3*Hr *Uo|<H 

40b) # §5H Aj"Jo_S ^#3^. ?flo|>;(130)S] oi* ^ ^nl)^ 

n ^ii^} ^£ 7*3 <3<3. <£»<J#^ (120)2] 

£U D114S ylolo] (M0a) og^ 
^D}j2j 7|2} ^ %^ «>^S]^. a^ofl^, ^DHfe- (110) ^.S-^El 1 

Bjg^of 1*£#^.(120)S ^sMl s}c}. <£*##3f(120)3. <i£- ^(150)ofl 

*H ^cfl^. ^.2.5. S\^^ >8&S\JL. o|oq n*e* (110)21 £i7> m}*} $ 
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M ^Cf. o]#*|ol 3 ^ntfo] °1*| <g*j% 0flnM#€- 

%(H0)SJ ££2* ^^#^.(120)21 £-£.7} =-^^7fl € «fl^ 

#7| *^ <33% #*l(ioo) nioflAj ^ofl£i 712} 51 -S-^sj'd. #?l Ul 

°fl*l ill OM (140a. 140b)2| «Ji# ^Dfl°l ^ 7fl£# l**}^. ^. 

^7\v\jl. ^oh^ -e-^o] o.^g ^^oq^^. %^o\ <uo\\ap] 

oflM^l7j 3 £3*. #?) °114>1 ifloH ^*MI(140) HH^^r 7fl£ ofl 

oHl afe}. *3og7f 7ls}^ *]3jo^- ^o^jfEi -Sf<ys]el£r 

7}JL ^nfl7f Tj^ofl^i. HB#e}£l£- ^^ol ^7M1 ^ 

. #71 «lo|o| ^^1(140) tflofl^ #A ^°fl^ *§o| <j£*§*hc}. ^^o. 

. ^ ^nflS] ^^#^-(120)ol|^ nfl^ i\)o\o\ (140)3 £1^ 

, z\x\ 2\*t ^^«oflA^ ^%(110) ^«>lU7fl sjc}. 

#71 #*1(100)<M. #7] #*1 ml44 ell oloj (100b) ^j#*> «W 

ol 7is}si ^Dfl^ ^ >fi#»n+. ^^l^^-S. #7j m]^ zilojoi 

40b)oll^ S4ofl SX|S1 H}S| ^o] ^ 2}olo1 (160a)£f £*<>1 (160b) ?\ #*f 

27^1 ^ ^71^ 4^71 £°J21 §7jo| iTflsWl Sj^cfl °1 ^#°1 %?\?\ 5^1] 
5U£r (170)5. 7l^-*V7fl 

#71 §71 n^S. (170)21 71^^ 33 (A) £• ^7l ^#2*} ^o] tU^C*. 
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A = (a + d)d - nd 2 /4 

2] 

#7| ^*H!2£ ^55^. #71^ ^S(170)SJ 7|*f«f^ 32t£ °fl^(N)7F 

ofl^ i2}o|cH5| *J3(d)o1 5H^^r^ ^7>«fc}. 
#71 >g?J 0)1^1 ^]0|OJ (140b) 2] 3*Hl£r o|£S}£. 374S| ^^-51^- # 47fl2l 
71 5}<tV-S-S (170M ^«}£S. ^DflSl «fXV£ DJ14H ^7^51 #>y (^32] "O' 

Af»Jo^ ol^cH^lctlS.321 SJ^S 

*im & ^^ofl *m (ioo) 7f ^1 ofl # 7 | ^ mi-H 

olo)(l40b)ofl^ iSofl 5E.*I^ «m -8-^(170)21 ^71 £<2 £><flofl 

o| tH]4H ^Olo|(160b)2l ZL*\ i^oil «t£ gofl il 

Tl^ofl ojjqjo M ^ <3^^CKig 0 #£). 

^^(180)21 C4^^ ^ ofl-H eflo|o) (140b) 2J ^DlEl § Dfl«f] ^7^2j ^ (N) 
/3=4r *14t °+°l<>12l (d)# 3^711 X\o\t\i£ 7\±rt\3_. £41*^Hl 2l«V ^ 

21 -S-^l?]^ *\*r% ^4 3*1 ml*) ylojol (U0b) ofl ^ 

^71 S^74 ^(170)# #6fl 7|^ ^oS2l S^o| *^Sj7|£ e>7l«>. o^sj 
^(180) ofl o>7lSl^ £>Ml^^ofl ojsQ o^^ i^pfloj 0.S.0I *<S=]7l5. 

n« -S-^Sl^ -S-^e ^ Dfl41 tflolol (140a) ofl a\ T°r^^^r 

#7j °^^#(180)^ £5ofl ^xisj u\2l 7Jo| ^7J «)olol(i40b) MJoflAl £ 

ofMEf ^1^2} ^Spfofl flf|4| £flol<H (140a) ofl ^Tfl^ 
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tl40b)3 ajolol (140a)7jofl ^3 3^ ?fl^# °l^<H*m. # 

€<8 l^l* ^*l(ioo)3 330M. >g7j mi^ i]]o\o\ (140b) ofl ^>fle^ ^ 
a* 2^ y|o|<H(i40a)oil £>fief£r °A U AS] #3. ^€ MS. £flol<H # 
o|o||4 ^nfl^ ^f**l 7l**t*l *fl 

#7l oil^H «]o|o|(140a)3 <3<>| <g> ^^{110)3 ^} ^ 

ofl Si^r ^^ofl^i^ ^IT 2HS°fl>M «a*H3 7|5}7f 7j^^o S 

oil ^t\o\ oj|^ ig nl |o] ^A^oJ 3.^ol O^O^O* *Vc*. a^tfl. #7l Dfl^ Zfl 
<H (140)3 7\t\*m ^£ # °U4H ^olcH(140a)S ^Dflo| ^o| 

o^o^d^. nfl^ ^oloi(i40a) A<>M bHAJSJ ^^1 ufl^ «)o|cH 

40b)7j ^nflS] ^-S-s-ofl cfl*f 7Fa ^^Sfo|ojnj ol^*J ^Djj 

o]S-^- uf^ ^ ofl^ iflojol (140a)5+ ofl44 £flo| o] <U0b) oj] ^^sj-^ 

^(180)3 *^*J °j^(£53 200 ^2:) ofl 3ofl 7^6fl ^|c|. ^ . ^7] <>^(180)3 

*»§d*7fl ^ °i7fl ofl ^ ^olcf. 

^Ol. 3*! °fl<4 *lM°HU0b)*r 3*1 *M* *S (170) # ^l^-^o^ ^ 
(14) £floloi(l40a)ol1^ 7l#sj ^uH7f ^(llO)JiCf ^i7^ V*£ °J °3 3**f 
5}a>^ ^ oH^^r 71 ^«g*}^ §AH], o]^e^ ofl-fl iflolcH 

40a) £ -§-^3 ^Dfl7} ^#SM1 ^ Sl^s ^dH3 °r^-°ll 7h2°4 

# o]ofl t^Et (ioo)3 ^§ at^oj]^ oj^ (no) e^s. 

j.^ ^dH3 -^^oi ^^eF>il o|=,o^^ 0^5.4*1 ^(ioo)3 ^cfl^ 
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. t?\ %n °fl^ moi<H(i40b)fe ?flo]>;(i3o)# ^*mt? ^ifi 4* 

«>o^ ^ <g*l<£ ^(100)S| 7|*13 M nfl^-ofl ^*|(100) 

#7j 01144 fl|o|o] (140b) 414^ *3 D H2] 5}A>3f ig D floj o.s.o| § 

ofl ^<Hl4o> ofl^^ «m *1^*M] 

*}r^. o) ofl. ^ m]4l ifloH(140b)^ nfl^^7f oHf, 2*o|<H2l ^^0] 

^ £|<3. ~7|£^ (170)S] <23ol #<H^o| 7|# ^nflo] 0=. 7^ 

^7}SjH fi^OTofl Sjofl -S-S(170) ^7j ^DflS SflSl*!^ S|<H 

1# «2] ^K>) -S-^Sl^ tffe^fe ^# 7 J°J^ojol 

oie-1*} 3# #°J*M. 3 7 J "fl'H ifloH (uob)S.>H astu >J<tf E -n-9Sf- 

s^. <4-§-^ ^-r-. DiKH^r^ 10 ol^f 20 ojofo)^. ^o|<H£l 

o.2mo ol # 0.4 no o1*}ol ^3.^ ^AM^ 3°1 «^3^t^. o]^»l 

32] ^3=1 Dfl^# ^ Dll^ «lol<H U40b)oflA| 7|# ^ofl2] 5^2} oi| 

^7i <asnuo)2] ^^oq &h <m ^o|oi(i4o a )^- w$ v*\ 

00)21 ^ ignfloj -UlSlJl. (120)21 e^oH oj^ 

^ ifloH (140a)ofl>H^ ^cflS] -§-^ol -S-^C|. o|^*> H}^oflxH. 4*3 

^ ^3^^J°S o^isl^ SvMl^ofl o, 6fl sg^o^ ^^#-^-(120)21 *J 

ofl>H ^^(110)21 °Jj# \§ofl2] ^l^^o] ^§^^1 Ol-^ol^o^ *>C}. 

ol# ^ofl . 2«I «1 oH (140a) 21 ^0)0^ ^^ojj^ *fl^?r 

3L *-im(180)01 ^7^21 «l -§7j£ #7! ^*MI mWlr 
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o| Hft*ai«tct. °l£r Z u 4 ^ 2l|0|o|(l40a)2l Dj|4)^ W>\ *J^7fl 

^71 £«3J Dfl41 £flol<H (l40a)SAi ASTM ^©<J E-11-9S# nfs-. >. 3 El ofl^ 
-g-*f 30. ofl4H^7} 80 o)># 400 oj^olji oJJ41 S*o|<H°] ^^o| o.03niii 
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